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The present invention relates to an optical scanning device for scanning an 
information layer of an optical record carrier by means of a radiation beam, the device 
including 

a base plate, 

a rotary arm having a first end on a rotation axis and a second end, 
an optical system comprising first optical elements arranged in said base plate 
and second optical elements arranged in said rotary arm, wherein: 

said first optical elements comprise a radiation source for supplying said , 
radiation beam, a first mirror for directing said radiation beam towards said second optica! 
elements, and a detection system with a photo-detector for transforming said radiation beam 
into an electrical signal, and 

said second optical elements comprise a second mirror forming with said first 
mirror a periscope-like arrangement for directing said radiation beam toward the position of 
said information layer via a third mirror located at said second end of said rotary arm and an 
objective lens system for converging said radiation beam in the position of said information 
layer. . , 

It is commonly known m the field of optical storage to provide an optical 
^ scanning device with a rotary system including an arrangement of three mirrors. Such a 

rotary system advantageously allows an electro-mechanicaUy adjustment of aread/write head 
20 which is widely nsed in the HDD industry. 



A first type of optical scanning devices with rotary systems is known from 
e.g„ the international application WO 98/09285. That known device includes first optic 
elements in a base plate and second optical elements in a rotary arm, a radiation beam being 
transported between me a 

drawback of such an optical device is the alignment accuracy of coupling lenses with respect 
to the optical fibers. Another drawback is the amount of coupling lc 
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A second type of optical scanning devices with rotary systems includes a 
small, miniaturized optical head comprising integrated optics and electronics such as a 
radiation source and a detection system, A drawback of that known device is to require 
advanced maiiufacturing technology. Another drawback is the relatively bigji thermal 
5 dissipation of the radiation source and of the associated circuitry, which, results in thermal 
problems in the whole device. 

A third type of optical scanning devices with rotary systems is known from, 
e,g., DE 198 60054. That Jmown device includes; a base platen a rotary aim having a first end 
on a rotation axis and a second end, and an optical system comprising first optical elements 
10 arranged in the base plate and second optical elements arranged in the rotary arm. The known 
first optical elements comprise a radiation source for supplying a radiation beam, a first 
mirror for directing the radiation beam towards the second optical elements, and a detection 
system with a photo-^detector for transforming the radiation beam into an electrical signal. 
The known second optical elements comprise a second mirror forming with the first mirror a 
1 5 periscopeJike arrangement for directing the radiation beam toward an information layer via a 
third mirror located at the second end of the rotary ami and an objective lens system for 
converging the radiation beam in the information layer. The fixed first mirror and the second 
rotating mirror are located on the rotary axis of the rotary aim. The third mirror is located at 
the end of the arm. AH other optical elements of the known device, such as the radiation 
20 source and the detection system, are located in the fixed base plate. 

Fig. la shows a first arrangement of the optical elements of the device known 
from DE 198 60054. It is noted that, when the second and third mirrors are in the 
configuration in Fig- la, the image of the pupil do^ not rotate on the screen of the detection 
system, when &e latter is aligned with respect to the axis of rotation of the rotary aim. A 
25 disadvantage of the configuration shown in Fig. la is that it does not allow to optimize the 
building height of the optical scanning device, because the optical record carrier is in a 
different plane from that of the fixed first optics. 

Big. lb shows a second arrangement of the optical elements of the known 
device, which resolves the problem of building height. However, it is noted that, when the 
30 second and third mirrors are in the configuration shown in Fig. lb, the image of the pupil 
rotates with respect to the fixed detection system with an angle of rotation equal to twice the 
angte of rotation of the rotary arm. Therefore, the so-called pu^h-puU signal is not detected 
properly on the screen of the detection system during the rotation of the rotary system. Fig. 
lc shows schematic detailed views of the configuration of the first mirror 1, the second 
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3 23.07,2002 
mirror 2 and the third mirror 3 in the known optical scanning device wherein the image of the 
pupil on the screen of the detection system rotates with respect to the fixed detection system 
with an angle of rotation equal to twice the angle of rotation of the rotary arm. Another 
drawback of the known solution is that it does not allow a proper detection in dase of the 3- 
spot push-pull method since the satellite spots rotates with respect to the fixed detection 
system when the rotary arm rotates. 



An object of the invention is to provide an optical scanning device including a 
10 rotary system wherein the rotation of the rotary arm has no effect on the detection of the 
push-pull signal. 

This object is reached by an optical scanning device of the type described in 
the opening paragraph wherein, according to the invention, said second optical elements 
further comprise an optical element for flipping the image such that the position of the image 

15 on the detector is independent on the rotation of said rotary arm, the flipping element being 
arranged in the optical path of said radiation beam between said first and third mirrors. 

It is noted that suoh an optical scanning device is particularly advantageous 
when applied to a so-called SFFO system, Le. a system suitable for scanning a Small Form 
Factor Optical disc with a typical diameter of one inch, where a high speed and a noise 

20 immunity are required. More specifically, since the electronics for driving the laser and 
processing the detector signals located on the moving arm, the following problems are 
resolved: (i) a thermal problem due to the heat dissipation of the radiation source and its 
associated electronics* Qi) a dynamical problem due to the relatively heavy weight of the 
optical components, and (iii) an interconnection problem due to the large amount of electrical 

25 connections to the laser circuitry and the detection circuitry, 

A first embodiment of the flipping element according to the present invention 
includes a first Dove prism arranged between said second and third mirrors. Dove prisms are 
commonly known, ag. ? from the book "Fundamentals of Optics", F. A. Jenkis, H. E. White, 
McGraw-Hill Kogakugha, pp.26-27 (4 th Edition). It is noted that, by arranging the first Dove 

30 prism on the rotary aim, the optical record carrier can be in the same plane as the fixed 

optical components, while still preserving the non-rotating image on the detection system. It 
is also noted that the first embodiment also solves a problem of providing an optical scanning 
device having a minimum building height. This problem is particularly critical when the 
optical scanning device is applied to an SFFO system. 
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la a particular case of fixe first embodiment, a first face of said first Dove 
prism is used as said second mirror and/or a second face of said first Dove prism is used as 
said third mirror, which advantageously results in reducing the weight of the rotary aim and 
thereby increasing the mechanical bandwidth. In another particular case of the first 
5 embodiment, at least one of said second and third mirrors is formed by a reflective layer 
deposited on a face of said first Dove prism, In other words, for any of these particular cases, 
the second/third mirror and the flipping element are formed by the same component. 

A second embodiment of the flipping element according to the present 
invention includes a fourth mirror and a fifth mirror arranged in the optical path between the 
1 0 second and third mirrors. It is noted that, by arranging the fourth and fifth mirrors on the 
rotary arm, the optical record carrier can be in the same plane as the fixed optical 
components, while still preserving the non-rotating image on the detection system. 

A third embodiment of the flipping element according to the present invention 
includes a sixth mirror arranged between said second and third mirrors such that the normal 
1 5 direction to said fourth mirror is substantially perpendicular to the optical axis of the 
arrangement of said second and third mirrors. It is noted that the third embodiment also 
solves the aforementioned problem of providing an optical scanning device having a 
minimum building height Additionally, the third embodiment also solves a problem of 
providing an optical scanning device with a rotary system having as fewer components as 
20 possible for reasons of dynamic mechanics, thereby optimizing the mechanical bandwidth. 

A fourth embodiment of the flipping element according to the present 
invention is fbrther arranged for rotating the image such that the position of the image on the 
detector is independent on the rotation of the rotary arm, the flipping element being arranged 
in the optical path of the radiation beam between said first and second mirrors. 
25 In a particular case of the fourth embodiment, said flipping element includes a 

second Dove prism rotating together with said rotary arm. 

According to a further aspect of the invention, a face of said second Dove 
prism is used as said second mirror or said second mirror is formed by a reflective layer 
deposited on a face of said second Dove prism. In other words, for any of these two cases, the 
30 third mirror and the flipping element are formed by the same component, 
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The objects, advantages and features of the invention will be apparent from the 
following, more detailed description of foe invention, as fflnstratedmm^^ 
drawings, in -which: 

Figs. 1 a and lb show two arrangements of the optical elements of a known 
device and Fig. lc shows schematic detailed views associated with a configuration of three 
mirrors in a known optical scanning device, 

Figs. 2a to 2d show four detailed views of Hie optical components of an optical 
scanning device according to the invention provided with a rotary arm, and Fig. 2e shows 
graphs associated with, 

Fig. 3a shows schematic detailed views associated with a first embodiment of 
a flipping element of the device shown in Figs. 2a to 2d, 

Fig. 3b and 3c show two schematic detailed views of a particular case of the 
first embodiment shown in Fig, 3a, in two respective configurations, 

Figs. 4a to 4c show schematic detailed views associated with an alternative of 
the first embodiment shown in Fig. 3a and Fig. 4d shows a graph related to that alternative, 

Figs. Sa and 5b show schematic views of the orientation of tracks when 
scanning with the optical device shown in Figs. 2a to 2d and Fig. So shows a graph related to 
that orientation, 

Fig. 6 shows schematic detailed views associated with a second embodiment 
20 of a flipping element of the device shown in Figs. 2a to 2d, 

Figs. 7a and 7b shows two schematic detailed views of two respective 
examples of a third embodiment of a flipping element of the device shown in Figs. 2a to 2d, 

Figs. 7c to 7e show schematic detailed views associated with the third 
embodiment shown in Figs, 7a and 7b, 



25 



30 



Fig. 8a shows a schematic detailed view of afourth embodiment of a flipping 
element of the device shown in Figs. 2a to 2d, and 

Fig. 8b shows a schematic detailed view of aparticular oase of the fourth 
embodiment shown in Fig. 8a. 



Figs. 2a to 2d show four detailed views of the optical components of an optical 
scanning device according to the invention provided with a rotary arm. 

As shown in Fig. 2a, the optical scanning device for scanning an information 
layer of an optical record carrier by means of a radiation beam includes: a base plate, a rotary 
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ann having a first end on a rotation axis and a second end (shown in detail in Fig. 2o), an 
optical system comprising first optical elements arranged in the base plate and second optical 
elements arranged in the rotary arm. The first optical elements comprise a radiation source 
for supplying the radiationbeam, a first mirror for directing the radiation beam towards the 

5 second optical elements, and a detection system with a photo-detector for transforming the 
radiation beam into an electrical signal. The second optioal elements comprise a second 
mirror forming with the first mirror a periscope-like arrangement for directing the radiation 
beam toward the position of the information layer via atbird mirror located at the second end 
of the rotary arm and an objective lens system for converging the radiation beam in the 

10 position of foe information layer. In other words, Kg. 2a illustrates foe arrangement of the 
optical components in foe base plate and the rotary arm. The radiation source and foe 
electronics associated with, as well as most of foe optioal components except for foe 
objective lens, are separated fiom foe rotary arm: a free space propagation of foe radiation 
beam and the telescope-like arrangement are used to guide foe light fiom foe radiation source 

15 to foe objective lens, and vice versa. In foe present description such an arrangement is called 
"split optics". 

Fig. 2b illustrates in detail die optical path of the radiation beam in foe base 
plate and foe rotary arm via foe periscope-like arrangement. The periscope-like arrangement 
inoludiug the first and second 45* mirrors (or prisms) is positioned at the interior of foe 

20 rotation axis of foe rotary arm. The center of those two mirrors is exactly located on foe 

rotation axis of the rotary arm. One mirror of foat periscope is attached to foe rotary arm. The 
other mirror is fixed to foe first optical elements. The radiation beam is guided firom foe 
radiation source via the periscope-like arrangement towards foe third 45° mirror and foe 
objective lens at the end of foe rotary arm. A separate split optics unit is arranged with foe 

25 fixed first optical elements; it emits a parallel radiation beam and receives foe radiation beam 
reflected fiom the information layer for foe purposes of data readout and of tracking and 
focussing control, hi this arrangement foe radiation beam always stays directed to the head. 
At foe interface between foe moving part and foe rotating part foe radiation beam is exactly 
centered around foe rotation axis. 

30 pig. 2c illustrates in detail foe individual parts of the rotary arm system 

provided with the periscope-like arrangement desoribed above. The rotary arm provided with 
abearing system that consists of two balls, like in foe CDM9. One ball is located on foe top, 
foe other ball is located on foe bottom The balls are fixed to the moving actuator and are 
allowed to rotate in a slightly oversized bearing shale, Jh foe present implementation the top 
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bearing shale is at a high stiffness connected to the base plate in the drive system. The bottom 
bearing shale is part of a flexors, which preloads the bearing system in vertical direction 
(along the rotation axis). The preload is such that in the case of shocks of up to 50 g the 
rotary aim will stay in the bearing system. 
5 Fig, 2d is a detailed side view of the rotary arm illustrating me bearing system. 

The rotary arm includes an actuation, system, a focus suspension system and a Focus drive 
system. 

The actuation system is similar to that of a rotary aim in a HDD system. A coil 
at one end of the arm is located in a magnetic field, such that one side of the coil is in a 
1 0 vertical upwards field and foe other side of the coil is in a vertical downwards field. A current 
through the coil will generate Lorenz forces, which will finally rotate the arm in the desired 
direction. 

Regarding the focus suspension system, the head consists of an objective lens 
and a 45° mirror, which are mounted on a lens holder. This lens holder is suspended on two 

15 parallel flexures, which allow the lens holder to move in vertical (fbous) direction. 

Regarding the focus drive system, the drive coil is located at the front of the 
lens holder. This coil will generate vertical forces in order to bring the lens to the proper 
focus point This drive system was described in the Europeanpatent application filed on 29 
March 2002 with foe application number EP 02076224.1 . 

20 It is noted that the periscope-like arrangement results in the rotation of foe 

image or pupil when the rotary arm rotates. As a result the +1 and -1 diffraction orders will 
obtain a different orientation with respect to the fixed world detector geometry. Using only 
single spot PP radial tracking this problem can be dealt with as long as foe pupirsPP-overlap 
regions are imaged properly onto the 2 detector halves (see Fig. below). When the 2 

25 diffraction orders make a large angle with respect to the 0-order reflection (as is foe case for 
DVR, having a large X/tp ratio where 4 Hp" is the track pitch), this problem can be overcome. 
One can show that the maximum rotation angle fit that can be obtained in this case equals: 



taa(cc) 



\p % NA % 

So, for DVR (with fc=400 mn, tp=300 run and NA=0.85) a maximum rotation 
30 angle of ± 50.4° would be allowed. 

Fig. 2e shows two graphs illustrating a high Mfcp ratio and a low Mp ratio. 
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If 3-spot PP radial tracking is necessary (e.g, to compensate for beam landing), 
rotation of the rotary arm results in rotation of the 2 satellite spots, around the central 
detector. 

In order to solve this problem, the second optical elements former comprise an 

5 optical element for flipping the image such that the position of the image on the detector is 
independent on the rotation of said rotary arm, the flipping element being arranged in the 
optical path of said radiation beam between said first and Ihird mirrors. In the present 
description the 'image" is understood as the image on the screen of the detection system of 
the diffracted radiation beam reflected by me information layer. 

10 Fig. 3a shows schematic detailed views associated with, a first embodiment of 

a flipping element of the device shown in Pigs. 2a to 2d. As shown in Big. 3a, the first 
embodiment of the flipping element includes a first Dove prism arranged between said 
second and ihird mirrors. 

Fig. 3b and 3c show two schematic detailed views of a particular case of the 

15 first embodiment shown in Pig. 3a, in two respective configurations. As shown in Fig. 3b, a 
first face of the first Dove prism is used as the second mirror. Furthermore, a second face of 
said first Dove prism may be used as said Ihird mirror (not shown in Fig. 3b). 

The dove prism is built as an extension of the rotating prism in the rotary arm, 
m terms of building height of the drive, this is the ultimate solution to combine a rotary 

20 actuator with the so-called 3-spot PP method described above. Pig. 3b shows the optical path 
of the three radiation beams (in respect of one main spot and two satellite spots) in case of 
such a 3-spot system. Fig. 3c shows the actual configuration in the optical scanning device, 
the fixed prism being rotated of an angle of 90° with respect to the position shown in Fig. 3b. 

As an alternative of the case shown in Fig. 3b, at least one of said second and 

25 third mirrors is formed by a refleotive layer deposited on a face of said first Dove prism. 

Figs. 4a to 4c show schematic detailed views associated with the first embodiment shown in 
Fig. 3a in the case where the first Dove prism is asymmetrical. Fig. 4d shows a graph related 
to that case. 

Fig. 4a shows a detailed view of the first Dove prism in the form of an 
30 asymmetrical prism. It is noted that such a prism advantageously results in reducing the 

weight of the rotary arm and thereby increasing the mechanical bandwidth. However, such a 
prism introduces deformation when the roatary arm rotates and consequently the image 
rotates but over an angle smaller than the angle of rotation of the rotary arm. 
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With reference to Fig. 4b, the distortion angle due to the asymmetrical prism 
can be calculated as follows. Consider that the assymetrical prism is made of a material 
having a refraction index n and a first angle 01 with repect to a base of the prism. Then the 
angle of incidence i equals 90-91 and the angle of refraction t equals arcsin[sin(9O-01)/n]. 
5 The angle of reflection on said base of the prism <p then equals 90-91-t. Thus the second 
angle 02 with repect to the base of the prism is defined as follows: 

d2=^l + iarcrin[^r^)J . (J) 

By way of illustration only, in the case where 3O°<01<6O» it results from Equation (1) that: 
28°<02<38*. The magnification M of the prism equals cos(t)/cos(i). Thus the theoretical 
10 minimum length X of the prism is defined as fellows: 
L - x / ten(9)+(x+d)/tan(9)+Md 
It is noted that a high value of the magnification M results in a high value of distortion of the 
image upon rotation of the rotary arm over an angle a. 

Pig 4b illustrates such a deformation of the image which can be defined by 
15 two angles ^ and <jy The angles and <py are given by the fofiowing equations: 

<p x »arotan[Mtan(90-a)H90-a) (2 a) 
9y=arctan[Mtan(a)]-ct ( (2b) 
By way of iUustration only, in foe case where 01^5*, n=1.5, x=0.1 mm, d=l,3mm, a<15° 
02=36.6*, M-1.25 and fc=6.6mm, it results from Equations (2a) and (2b) that <px=2.9* and 
[) «pjr»3.5°. 

It is noted that the higher the refraction index n, the smaller the length L , but 
the larger the magnification M and therefore the distortion, i.e. the angles (fc and <py. 

Fig. 4c illustrates the relationship between the maximum distortion angle and 
the length L of the prism for different values of the refraction index n in the case where 
» d~1.3mm and x=0,lmm. 

By way of illustration only, examples of materials of the first Dove prism are 
now described. For dynamic reasons, that material has preferably a high refraction index in 
order to keq> the length L of the prism small. Thus, such a material maybe one of the 
following: 

LAK10 11400= 1.744 

LASFN31 11400- 1.918 



juu.c«aot n 016 23.07.2002 14 

PHNL020732EPP 



10 W 23.07,2002 

where V is the value of the refraction index n in the cage where the wavelength of the 
radiation beam is equal to 400nm. Mostly however, it is better to keep the distortion small, 
regardless of the size and the weight of the prism. Then a material with a low refraction index 
should be preferably used. Thus, such amaterial maybe one of the following: 
5 BK7 ©400= 1.530 

FK5 n400 = I* 4 " 

More preferably that material should b e plastic rather man glass, thereby limiting the weight 
while the refraction index 0400 remains small. Thus, such a material may be one of the 
following: 

t 0 COC (oyclo oleftoic copolymer) moo = 1 .550 

PMMA 11400 = 1.507 

Figs. Sa and 5b show schematic view? of the orientation of tracks when scanning with the 
optical device shown in Figs. 2ato2daudMg. 5c shows a graph related to that orientation. 
The push pull signal generated from the radiation beam reflected on the 
15 information layer is assumed to have a fixed orientation with respect to the detection system, 
men describing a straight line with the optical head, mis can indeed be achieved. However 
with the rotary aim, the optical head will describe an arc, as shown in Fig. 5a, Over this arc, 
the orientation of the tracks with respect to the fixed first optical elements will not be 
constant. The difference to angle between the tracks and a fixed reference depends on the 
20 position of the rotation axis and the length of the rotary arm. The optimal position of the 

rotation axis is given in Fig. 5b. The head should be on a radial line (through the center of the 
disc) at the inner data radius, and the rotation axis roust be on a line perpendicular on the 
radial line through the center data radius. Then the Hacks at the inner and outer data radius 
are perpendicular to the radial tine. In between, the tracks are not perpendicular, but have a 
25 small angle. In the case where Rto=6 mm, Roufr=14mm, and the length of the rotary arm 

equals 15mm, the maximum angle is 3.2°. The detection system can be positioned to have an 
angle with respect to the inner data track, such that the variation to angle will be from -1 .6 to 
1.6° rather than from 0 to 3.2°. The course of the angle for this case is shown in Hg, 5c The 
maximum of 1.6° is small enough for use with the so-called push-pull method. 
30 6 shows schematic detailed views associated with a second embodiment 

of aftipping element of the device shown to Figs, 2a to 2d. As shown in Fig. 6, the second 
embodiment of the flipping element includes a fourth rnirror and a fifth mirror whioh are 
arranged between said second and third mirrors. It is noted that the second embodiment 
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provide a smaller btrildmg heights 

shown in Fig. la. 

Figs. 7a and 7b shows two schematic detailed views of two respective 
examples of a third embodiment of a flipping element of the device shown in Figs, 2a to 2d. 
5 Figs. 7c to 7e show schematic detailed views associated with the third embodiment shown in 
Figs. 7a and 7b. As shown in Figs. 7a and 7b, the second embodiment of me flipping element 
includes a sixth mirror arranged between said second and third mirrors such that the normal 
direction to said fourth mirror is substantially perpendicular to the optical axis of the 
arrangement of said second and third mirrors. 
10 ft « aoted in Fig 7a that the sixth mirror is arranged on a first side of the 

rotary arm, in a plane perpendicular to the axis of rotation of the rotary arm (first example). 
Fig. 7d also shows that configuration of the sixth mirror. 

It is noted in Fig. 7b that the sixth mirror is arranged on a second, 
perpendicular side of the rotary arm, in a plane parallel to the axis of rotation of the rotary 
15 arm (second example). Fig. 7e shows the configuration with the third mirror on a vertical 
plane. 

In other words, for both examples shown in Figs. 7a and 7b, the sixth mirror in 
the rotating arm on the inside of the radiation beam and alternatively this mirror can be on 
another aide of the radiation beam such that the radiation beam propagates between the 

20 second and third mirrors. Furthermore, the se(»nd and third mirrors must be tilted in such a 
way that the radiation beam reflects on the sixth mirror rather than propagating directly 
between me second and third mirrors. The required tilt angle of the two existing mirrors, and 
the angle of the third mirror can be calculated. With reference to Fig, 7c, <t L ma " is the 
distance between the axis of rotation and the center of the objective lens, "EW is the height 

25 of merotaryarm, <4 d'Msmefiameteroftheradiationbeam, "a" is the angle between the 
normal directions of the second/third mirror and the sixth mirror, and 'T^W is the . 
minimum length of the sixth mirror. The angle a and the length are given by the 
following equations: 




(3a) 



sin(90-2#) < 3b ) 
By way of illustration only, in the case where W=15mm, d=l .5mm, and IW=1 .6mm, it 
results from Equations (3a) and (3b) that o=39° and l^rHO. mm. 
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Fig. 8a shows a schematic detailed view of a fourth embodiment of a flipping 
element of me device shown in Figs. 2a to 2d. As shown in Fig. 8a, the fourth embodiment of 
the flipping element is former arranged for rotating fixe image such that the position of the 
image on the detector is independent on the rotation of the rotary arm, the flipping element 
5 being arranged in me optical path of the radiation beam between said first and second 
mirrors. In a particular case of the fourth embodiment, said flipping element includes a 
second Dove prism rotating together with the rotary arm, as shown in Fig 8a. 

Fig. 8b shows a schematic detailed view of a particular case of the fourth 
embodiment shown in Fig. 8a. In the case shown in Fig. 8b, a foce of said second Dove prism 
10 is used as said second mirror. Alternatively, said second mirror is formed by a refleotive layer 
deposited on a fooe of said second Dove prism. 

It is noted mat, in order to avoid any rotation of the laser beam pupil, when 
traversing the periscope, the second Dove prism can be positioned between the first and 
second mirrors of foe periscope-like arrangement. When foe rotary arm is rotated, foe second 
15 Doveprismis also rotated but with half the rotation velocity of foe rotary arm. In this way 
the orientation of foe pupil of the laser beam does not change. Consequently, in foe forward 
path and in the return pathno additional problems arise and, one can use conventional split 
optics using 3-spot PF radial tracking. 

It is noted that foe embodiment shown in Fig. 8b provides a smaller building 
20 height than the embodiment shown in Fig, 8a, 

It is noted that foe four embodiments of foe flipping element described above 
can be advantageously applied to a so-called SFFO system. 
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CLAIMS: 



I . An optical scanning device for scanning an information layer of an optical 

record carrier by means of a radiation beam, the device including 
a base plate, 

a rotary aim having a first end on a rotation axis and a second end, 
5 an optical system comprising first optical elements arranged in said base plate 

and second optical elements arranged in said rotary aim, wherein; 

said first optical elements comprise & radiation source for supplying said 
radiation beam, a first minor for directing said radiation beam towards said second optical 
elements, and a detection system with a photo-detector for transforming said radiation beam 
10 into an electrical signal, and 

said second optical elements comprise a second mirror forming with said first 
mirror a periscope-like arrangement for directing said radiation beam toward the position of 
said information layer via a third mirror located at said second end of said rotary arm and an 
objective lens system for converging said radiation beam in the position of said information 
15 layer, characterized in that said second optical elements further comprise an optical element 
fox flipping the image such that the position of the image on the detector is independent on 
the rotation of said rotary arm, the flipping element being arranged in the optical path of said 
radiation beam between said first and third mirrors. ■ j 

20 2. An optical scanning device according to claim h wherein said flipping 

element includes a first Dove prism arranged between said second and third mirrors. 



3. An optical scanning device according to claim 2, wherein a first face of said 

first Dove prism is used as said second mirror and/or a second face of said first Dove prism is 
25 used as said third mirror. 



4* An optical scanning device according to claim 2, wherein at least one of said 

second and third mirrors is formed by a reflective layer deposited on a face of said first Dove 
prism. 
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5. An optical scanning device according to claim 1, wherein said flipping 

element includes a fourth, mirror and a fifth mirror which are arranged between said second 
and third mirrors. 



10 



15 



& Aq. optical scanning device according to claim 1, wherein said flipping 

dement is formed by a sixth mirror arranged between said second and third mirrors such that 
the normal direction to said fourth mirror is substantially perpendicular to the optical axis of 
the arrangement of said second and third mirrors* 

7, An optical scanning device according to claim 1, wherein said flipping 
element is further arranged for rotating the image such that the position of the image on the ? 
detector is independent on the rotation of the rotary arm, the flipping element being arranged 

mirrors, 

8. An optical scanning device according to claim 7 3 wherein said flipping 
element includes a second Dove prism rotating together with said rotary arm. 



9. An optical scanning device according to claim 8, whereto a face of said second 
20 Dove prism is used as said second mirror. 

10, An optical scanning device according to claim 8, wherein said second mirror is 
foimed by a reflective layer deposited on a fece of said second Dove prism. 
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ABSTRACT: 



An optical ^ceforaoammigattinformalionlayerincludes: a base plate, a 
rotary arm having a first end on a rotation axis and a second end, an optical system 
comprising first optical dements arranged in the base plate and second optical elements 
arranged in the rotary arm. The first elements comprise a radiation source for supplying a 
radiation beam, a first mirror for directing the radiation beam towards the second elements, 
and a detection system. The second elements comprise a second mirror forming with me first 
minor a periscope-like arrangement, a third mirror arranged at the second end, and an 
objective lens system for converging the radiation beam in the information layer. The second 
optical elements comprise an optical element arranged between the first and third mirrors, for 
flipping the image such mat the position of the hnage on foe detector is independent on foe 
rotation of 1fae arm. 
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Fig. la (prior art - first configuration) 
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Fig. lb (prior art - second configuration) 
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Fig. lc forior art - detailed views ) 

Problem with rotary urn: pupil rotates on detector In fixed world- 



Front view, rotation 0° 
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oufceedworld 
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Pupil, rotation 15* 



Rotated signal on 
{fated detector 




Push pull signB 
from disc 



Schematic view of configurate* ™th symmetrical mirrors. When the arm rotates ever an 
angle a, the image rotates ever an angle 2aon the detector. 
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Fig. 2a (optical scanning device - first view) 





g^Moptical scanning device - second view^ 
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Fig. 2c (optical scanning device - third view) 



Head with ' ^ 
Focus Objective 
drive lens 
coif 

Bearing 
System 

Focus 2x ball 

suspension 

(2x flat 

flexure) 

Body 



Tracking 
coil 



.>ii*,jteki& , 2 



027 23.07.2002 14 



6/19 



Fi S- 2d (optical scanning device - fourth view) 





Fig. 2e (optical scanning device - graphs) 
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Fig. 3a (first embodiment - detailed views) 

Use Dove prism, pupil remains unchanged on detector.. This solution has 



Front view, rotation 0° 



Top view, rotation 0° 
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Top view, rotation IS 0 




Pupil, rotation 15° 
I 



Signal On detector 



Push pull signal 
iron* disc 

> Solution with dove prim. This solution gives the smallest building height 
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Fig. 3b (first embodiment - particular case) 

i 




Fig. 3c 

(first embodiment - particular case - other configuration) 
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Fia* 4a (alternative of the first embodiment - detailed views) 

Asymmetrical prism 



Front view, rotation 0° 



Fixed mkrfir, to light path 
on fixed world 





Top view, rotation 0* 



Top view, rotation 15° 




Push pull signal 
from disc 

Solution with asymmetrical prism. The image will deform, and therefore the image on the 
detector lyill be asymmetrical 
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Fig. 4b (alternative of the first embodiment - first detailed view) >. 




Fig. 4c (alternative of the first embodiment - second detailed view ) 
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Fig. 4d (alternative of the first embodiment - graph) 



Effect of prism angle on distortian angle and prism length 
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Kg. 5a forientation of the tracks - fiist view) 



/ 




Fig. 5b (orientation of the tracks - second yiew) 
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Fig. 5c (orientation of the tracks - third view) 



Angle between track and fixed reference 

2 __ _____ 



1.5 



1 



«0f 

■_ 
era 



-1 



-1.5 



1 












! 


i 






i 


1 i 



6 7 8 9 10 11 12 13 14 

radius 

Resulting angle between the tracks and a fixed reference. 













r 1 






























































j 


j j 







































( 



ski cr 



t»3 



035 23.07.2002 14 :5 



14/19 



Fig. 6 (second embodiment - schem**; ♦ s 

Uset^oextmntfrrowtoffipw® 111 SCne matlC View) 



Front view, rotation 0° 



Top view, rotation 0° 
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Fig. 7a (thixd embodiment - first example) 



.Rotation 




Fig. 7b (third embodiment - second example) 
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Fig. 7c (third embodiment - first detailed view) 




Geometry of configuration with third mirror. 
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Fig* 7d (third embodiment - second detailed views) 
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Fig. 7e (third embodiment - third detailed views) 

Top view of rotation arm with a - 0°: 
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Top view of rotation srm with a = + 1 5 
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Fig. 8a (fourth embodiment) 




Fig. 8b (fourth embodiment - particular case) 
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